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LQLWLDWLQJ V\VWHP LQLWLDWLQJ VHTXHQFH QR RI IUHH IDFHV H[SORVLYH W\SHV H[SORVLYH HQHUJ\ FKDUJH
JHRPHWU\DQGORDGLQJPHWKRGZKLOHRWKHUVDUHXQFRQWUROODEOHSDUDPHWHUVZKLFKDUHQDWXUDODQGDUH
UHODWHG WR JHRORJLFDO FRQGLWLRQV URFN FKDUDFWHULVWLF HWF *URXQG YLEUDWLRQ SKHQRPHQRQ WKRXJK
XQGHVLUDEOH \HW LV DQ LQWHJUDO SDUW RI WKH URFN EODVWLQJ DFWLYLWLHV  *URXQG YLEUDWLRQV DUH JHQHUDOO\
TXDQWLILHG E\PHDQV RI SDUWLFOH YHORFLWLHV DW SDUWLFXODU JURXQG ORFDWLRQV &XUUHQWO\ WKHPRVWZLGHO\
DFFHSWHG VLQJOH PHDVXUHPHQW RI JURXQG YLEUDWLRQ FRQVLGHUHG SRWHQWLDOO\ GDPDJLQJ LV 3HDN 3DUWLFOH
9HORFLW\339339LVGHILQHGDVWKHVSHHGE\ZKLFKHDUWKSDUWLFOHVPRYHRUSDVVDSDUWLFXODUVLWH
7KHGHWRQDWLRQRIH[SORVLYHVHWVXS LQWHQVHG\QDPLFVWUHVVGXH WR VXGGHQDFFHOHUDWLRQE\ WKHJDV
SUHVVXUHRQ WKHEODVWKROHZDOO5RFNEUDNHVPXFKHDVLO\ LQ WHQVLRQ WKDQ LQFRPSUHVVLRQDQGIUDFWXUH
SURJUHVVEDFNZDUGIURPWKHIUHHVXUIDFH7KHVWUDLQHQHUJ\GXHWRWKHVWUDLQZDYHVIUDJPHQWVWKHURFN
PDVVGXH WRPHFKDQLVPVDVFUXVKLQJ UDGLDOFUDFNLQJDQG UHIOHFWLRQEUHDNDJH LQ WKHSUHVHQFHRI IUHH
IDFH7KHFUXVKHG]RQHDQGUDGLDOIUDFWXUH]RQHFUHDWHVYROXPHRISHUPDQHQWO\GHIRUPHGURFN$VWKH
VWUHVVZDYH LQWHQVLW\ ORVHV LWV DELOLW\ WR FDXVH DQ\ SDUDPDJQHW GHIRUPDWLRQ LQ WKH URFNPDVV VWUDLQ
ZDYHVSURSDJDWHVWKURXJKWKHURFNPHGLXPDVWKHHODVWLFZDYHVRVFLOODWLQJWKHSDUWLFOHWKURXJKZKLFK
LWWUDYHOV7KHVHZDYHVDUHFDOOHGJURXQGYLEUDWLRQZDYHVWKDWFORVHO\UHVHPEOHYLVFRHODVWLFEHKDYLRU
7KHVHZDYHWUDYHOFRQFHQWULFDOO\LQDOOGLUHFWLRQVDQGGLPLQLVKHVGXHWRVSUHDGLQJRIIL[HGHQHUJ\RYHU
DPHWHUDUHDDZD\IURPWKHRULJLQ>@7KRXJKWKHZDYHVDWWHQXDWHZLWK WLPHDQGGLVWDQFH\HW LW LV
HQRXJKWRFDXVHGDPDJHE\FDXVLQJG\QDPLFVWUHVVWKDWH[FHHGWKHPDWHULDOVWUHQJWK
%ODVWVLWHGHVFULSWLRQ
7KHJURXQGYLEUDWLRQSKHQRPHQRQGXHWREODVWLQJZDVVWXGLHGDWDQHDUE\LURQRUHPLQH7KHPLQH
LVORFDWHGDW.RLUDZKLFKKDVDQDYHUDJHHOHYDWLRQRIDERXWPLQQRUWKHUQHDVWHUQSHDNDQG
PWRPLQVRXWKZHVWHUQSHDNDQGLVDERXWNPIURP5RXUNHODDPDMRULQGXVWULDOSODFHRI
2GLVKD ,QGLD 7KH LURQ RUH PLQH DUHD EHORQJV WR -DPDGD.RLUD YDOOH\ ,W H[KLELWV D V\QFOLQRULDO
VWUXFWXUHJHQHUDOL]HGDVD11(WUHQGLQJORZSOXQJLQJV\QLFOLQRULXPZLWKDQRYHUWXUQHGZHVWHUQFURVV
IROG7KHPDLQLURQRUHEHDULQJDUHDFRQVLVWVRIEOXHGXVWVRIWDQGELVFXLWRUHDVZHOODVVKDOHLURQRUH
7KHLURQRUHPLQHIROORZVRSHQFDVWPHWKRGRIPLQLQJ 7KHPLQHORFDWLRQLVVKRZQLQILJXUH7KH
H[FDYDWLRQSURFHVVFRQVLVWVRIPHFKDQL]HG GULOOLQJEODVWLQJVKRYHOGXPSHURSHQFDVWPHWKRGZLWK
WR  DFWLYH EHQFKHV 7KH DYHUDJH EHQFK KHLJKWV YDU\ EHWZHHQ  DQG P7KH H[SORVLYH XVHG DUH
VOXUU\FDUWULGJHVPDNH,'/([SORVLYH/WGEUDQG(QHUJHO6XSHUJHO WKDWDUHEODVWHGVLPXOWDQHRXVO\
LQVWDJJHUHGSDWWHUQ

)LJ/RFDWLRQRIWKHLURQRUHPLQHXQGHULQYHVWLJDWLRQ
,QVWUXPHQWDWLRQDQGGDWDFROOHFWLRQ
7KH EODVWLQJ RSHUDWLRQZDVPRQLWRUHGZLWK VHLVPRJUDSK PDNH ,QVWDQWHO ,QF &DQDGD0LQLPDWH
SOXVZLWKWZRJHRSKRQHVDQGWZRPLFURSKRQHV7RWDOEODVWHYHQWZHUHPRQLWRUHGRYHUDSHULRGRI
WZR PRQWKV 7KH GLDPHWHU RI EODVW KROHV ZDV PP ZLWK VSDFLQJ DQG EXUGHQ RI  DQG 
UHVSHFWLYHO\(DFKKROHZDVFKDUJHGZLWKGHOD\RIHLWKHUPVPVRUPVDORQJZLWK'7+GHOD\
PVLQRUGHUWRDYRLGODUJH7KH339GDWDZHUHUHFRUGHGDWGLIIHUHQWGLVWDQFHVZLWKLQWKHPLQH
SUHPLVHVZLWKUHVSHFWWRWKHPD[LPXPH[SORVLYHXVHGSHUGHOD\7DEOH
7DEOH339GDWDDWUHVSHFWLYHGLVWDQFHDQGH[SORVLYHXVHG
6U1R 'LVWDQFHRILQVWUXPHQWIURP 0D[([SORVLYHSHUGHOD\ 339YDOXHDV
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4.1. Ppv prediction by multiple linear regression analysis 
0XOWLSOHUHJUHVVLRQDQDO\VLVLVXVHGWRSUHGLFWOLQHDUUHODWLRQVKLSEHWZHHQDGHSHQGHQWYDULDEOHDQG
RQH RU PRUH LQGHSHQGHQW YDULDEOH ,W LV EDVHG RQ WKH SULQFLSOH WKDW PLQLPL]HG VXP RI VTXDUHV RI
GLIIHUHQFHVRISUHGLFWHGDQGPHDVXUHGYDOXHDQGLVJLYHQE\

:KHUH  LQWHUFHSW ȕ HUURU DVVRFLDWHGZLWKSUHGLFWRU DQG   DUH FRHIILFLHQW RQ WKHQWK SUHGLFWRU
7KHPXOWLSOH UHJUHVVLRQ DQDO\VLVZDV FDUULHG RXW WR SUHGLFW WKH YLEUDWLRQ OHYHO DW FRUUHVSRQGLQJ UDGLDO
GLVWDQFHDQGH[SORVLYHTXDQWLW\7KHJRYHUQLQJUHODWLRQLVREWDLQHGIURPWKHUHJUHVVLRQDQDO\VLVDVEHORZ


 PD[LPXPFKDUJHSHUGHOD\DQG
' GLVWDQFHEHWZHHQEODVWLQJDUHDDQGVHLVPRJUDSKSRVLWLRQ
7KHSUHGLFWHGYDOXHVRI339ZHUHFRPSDUHGZLWKWKDWRIWKHPHDVXUHGYDOXHV)LJ7KHUHH[LVWVDJRRG
FRUUHODWLRQEHWZHHQWKHWZRDSSURDFKHV5 WKDWFRPSDUHVIDYRUDEO\DVGLVFXVVHGHOVHZKHUH>@

)LJ3UHGLFWHG339YV0HDVXUHG339E\0/5DQDO\VLV
4.2. Feed forward back propagation neural network 
$11LVWKHEUDQFKRILQWHOOLJHQFHVFLHQFHZKLFKKDVEHHQLQWURGXFHGVLQFH$UWLILFLDOQHXUDO
QHWZRUN GHILQHG E\ WKUHH VWHSV VXFK DV QHWZRUN DUFKLWHFWXUH WUDLQLQJ DQG WHVWLQJ >@ 7KH QHXUDO
QHWZRUNKDV WREH WUDLQHGGDWD EHIRUH LQWHUSUHWLQJQHZ LQIRUPDWLRQ$PRQJ DOO WKH DOJRULWKPVEDFN
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SURSDJDWLRQDOJRULWKPLVYHU\YHUVDWLOHDQGDUREXVWWHFKQLTXHZKLFKSURYLGHVPXVWHIILFLHQWOHDUQLQJ
SURFHGXUHIRUPXOWLOD\HUQHXUDOQHWZRUN7KHEDFNSURSDJDWLRQQHXUDOQHWZRUNFRQVLVWVRIWKUHHOD\HUV
VXFKDVLQSXWOD\HUKLGGHQOD\HUDQGRXWSXWOD\HU6RLWLVFDOOHGPXOWLOD\HUQHXUDOQHWZRUN(DFKOD\HU
FRQVLVWVRIDQXPEHURIHOHPHQWDU\SURFHVVLQJXQLWFDOOHGQHXURQVDQGHDFKQHXURQLVFRQQHFWHGWRWKH
QH[WOD\HUE\ZHLJKWVLQVXFKDZD\WKDWQHXURQVLQWKHLQSXWOD\HUVHQGVLWVRXWSXWDVLQSXWIRUQHXURQV
LQ WKH KLGGHQ OD\HU  ,W LV FDOOHG IRUZDUG SDVV +HUH RXWSXW LV FRPSDUHG ZLWKPHDVXUHG YDOXH 7KH
GLIIHUHQFH RI HUURU EHWZHHQ ERWK LV FDOOHG ELDVZKLFK SURFHHG EDFN WKURXJK WKH QHWZRUN EDFNZDUG
SDVVXSGDWLQJWKHLQGLYLGXDOZHLJKWVRIWKHFRQQHFWLRQDQGDOVRELDVHVRILQGLYLGXDOQHXURQV$OOWKH
QHXURQVLQWKHEDFNSURSDJDWLRQQHXUDODUHDVVRFLDWHGZLWKDELDVQHXURQDQGDWUDQVIHUIXQFWLRQ7KH
WUDQVIHUIXQFWLRQVDUHVWHSIXQFWLRQV7KRVHDUHHLWKHUOLQHDURUQRQOLQHDUIXQFWLRQVGHVLJQHGWRPDSD
QHXURQV¶RUOD\HUV¶QHWRXWSXWWRLWVDFWXDORXWSXW7KLVSURFHVVLVUHSHDWHGIRUDOOWUDLQLQJSDLUVLQWKH
GDWDWLOOWKHQHWZRUNHUURUUHDFKHGWRDPLQLPXPWKUHVKROGYDOXHGHILQHGE\DFRVWIXQFWLRQXVXDOO\WKH
URRW PHDQ VTXDUHG HUURU RU VXPPHG VTXDUHG HUURU 7KH IROORZLQJ DOJRULWKP LV W\SLFDOO\ XVHG IRU
FRQVWUXFWLRQRIQHXUDOQHWZRUN
7KH QHXURQLVFRQQHFWHGZLWKDQXPEHURILQSXWVDV

7KH1HWLQSXWYDOXHVLQWKHKLGGHQOD\HULV

:KHUH LV QRRILQSXWXQLWV
 LVWKHFRQQHFWLRQEHWZHHQ QHXURQRILQSXWOD\HUDQG QHXURQRIKLGGHQOD\HUDQG
 LVWKHELDVQHXURQ
8VXDOO\WKHFDOFXODWLRQRIRXWSXWLQWKHKLGGHQOD\HULVGHWHUPLQHGZLWKWKHORJDULWKPLFVLJPRLGIXQFWLRQ
ZKLFKLVQRQOLQHDUDQGLVGHILQHGDV
I     
ZKHUHI LVWKHZHLJKWHGVXPRILQSXWVIRUDSURFHVVLQJXQLWRIRXWSXWOD\HU
,Q WKH OHDUQLQJ SURFHVV WKH QHWZRUN LV SUHVHQWHG ZLWK SDLU RI SDWWHUQV DQ LQSXW SDWWHUQ DQG
FRUUHVSRQGLQJ GHVLUHG RXWSXW SDWWHUQ 7KH QHWZRUN FRPSXWHV RXWSXW SDWWHUQ E\ XVLQJ ZHLJKWV DQG
WKUHVKROG YDOXH 7KH HUURU DW DQ\ RXWSXW OD\HU N LV GHWHUPLQHG EHWZHHQ WKH DFWXDO RXWSXW DQG GHVLUHG
RXWSXWDV  
7KHWRWDOHUURULVJLYHQE\
(  
7KHGHFHQWGRZQHUURUVXUIDFHLVPDGHXVLQJIROORZLQJUXOHIRURSWLPXPZHLJKWVSDFHRIWKHQHWZRUN

:KHUH LVWKHOHDUQLQJUDWHSDUDPHWHU LVWKHZHLJKWRIWKHFRQQHFWLRQEHWZHHQWKH QHXURQRIWKH
LQSXWOD\HUDQGWKH QHXURQRIWKHKLGGHQOD\HU LVWKHDFWXDORXWSXW
LVWKHGHVLUHGRXWSXW
7KHXSGDWHRIWKHZHLJKWIRUWKH SDWWHUQLVJLYHQDV

7KHFRQQHFWLRQEHWZHHQWKHKLGGHQDQGRXWSXW OD\HUIROORZVWKHVLPLODUORJLF%XW LQ WKHDERYHFDVH
OLQHDUWUDQVIHUIXQFWLRQLVXVHG7RWDOLQSXWLQ XQLWRIRXWSXWOD\HULVJLYHQE\

7KHSUHGLFWHGYDOXHE\OLQHDUWUDQVIHUIXQFWLRQIURP XQLWLV
  Q
ZKHUH LVWKHZHLJKWEHWZHHQ QHXURQRIKLGGHQOD\HUDQG QHXURQRIRXWSXWOD\HU LVWKHELDV
QHXURQ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